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Abstr a ct
In an ate mpt to utilize s atellitedatato obt血 Iandsu rfacefeatu res of Tbklim akanDe sertin C hina,
in sit u measu r e m e nts ofspectralreflectan ce ofthelandsu rfa c eis m ade wi th thepo rtable spectr o
radiom ete rin the spe ctralra nge of 40 0
- 2500n rn･ T he analys e softhe data sho w follo w l ng
fe atures.(1)T he dlffe re n c ein spe ctralr ene ctanc eof differ ent
■
soilsis co mparatlVelysm all. (2)
T he reis a tende n cythat spectralreflecta nc e ofs oilsin cre 弧 eS wi th inc re ase sof w a velength, fo r
e x ample, the a ver age rene ctanc e ofthe s a nds in the periphery areasof Thklimakan Desertis21
and 38 % in visible and nea rinfrared spectra re spectiv ely. (3)Itisfoundthatre8e ctanc eofthe
s oils de cr eas e swith increa s e of m oistur ec on tent. T helargedec r e ase is re c ognized in 1450and
195 0n m spe ctra, wate r abso rptio nba nds･ Thisfactsuggests that the m o nit o n ng ofs oilm oist ur e
is po sible by m e a s u n ngthe radian c eat thes e spectra, thu sLaJlds atTM Bands 5 and 7will be
effe ctiv efo r m o nito n ngs oilm oistu re c o ntent･
Intr odu ctio n
T he spatialdistri bution and tempo ralv ariatio n of vario u sm ateri alsin wi de ad dand semi- ari d
zo nes are signific 皿tPar am etersfor studies of adese rtits elfa nd dese rtific ation m e chanism ･ To
obtain theseparaJneterSfor a wide ar e a s u ch asT 独Iim akan De se rtis n ots o easydue toitslarge
siz e aJId se v er e natural e nviro n ments･ W ith a c apability of observing a wide are a n eBLrly
sim ultan e o u sly a nd r epetitiv e m a n n e rwith a sa m es e ns or, a s atellite obse rv ation offers a
po w e rfulto ol fo rth is pu rpo s e. In orderto obtain 血eland surfacefeatur es acc u ratelyfrom the
satellite data,infor mation o n spectralrenectance of m atedals o nthe dese rts urfa c eis n e c e s sa ry.
T here a re n ot afe wpape rs on the spectralrefle cta n ce ofland s u rface(Leu, 1977, Be cke r, 1985,
Ciemiew ski, 1 987, Jackson et. all, 1990, Hick a nd Rus s ell, 1990), how ever the re a re only a
fe w r epo rts o nthein situ obs e rv ation o nspectralrenectan c e o v e rTAklim akanDe sen(rs u chiya et,
al., 1991, Ⅰ血iyam aet. al. , 1992, 1993, 1994) ･T he m oistu r ec o ntentin the s and is avery
importa ntpar am ete r, partic ularlyin ari dand s emiari d lands･ Ifit s r etrie v ed overthe wi de a re as
fr o m the satellite data, the res ult c an surely c ontri bute to the studies of desertits elf and
des e rtificatio n m e cha n lSm a S W ell. Estim atio n Of m oistu re co ntentin the sands and soils m aybe
po ssible, ifthe relation betw een the reme ctan cc andthe soil m oisture co ntentis dete mined
expen me ntally･ How e v er, a sim ulta n eo u sm eas ure m e nts ofspec打alreflectan c eand w ate rco nte nt
ofs ands ands oils are notea sydu eto thediffic ultyln m ea Sunngthe water c o nte ntin situ .
In addltion tothein situ meas urem ents ofspe ctralrenectaJICe Of various m aterials on theland
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surfac e of Thklim akan Desert,the v ariouskinds orsa nds a nd soils w ere sampled in the s o uthern
and n orthernpa rts ofthe des ertinthe neighbo rhood of Hotan a nd A ksu r espectiv elyto obtain
reliablebackgr o u nd data on the relatio nshipbetw e e n s oilm oisture c o nte nt a ndr ene ctanc e･ The n
spectralrefle ctan c e ofsa mpled s a nds and s oils w a s me a s u red inthe ra ngebetw ee n400n m arid
2500n m in thelabo rato ry unde rdiffer e ntsoilm oistu r e c o nte nt･ In this paper, soilm oistu re
c ontent(S M C)isdefined bythefollowingequ atio n,
s M C(% in w eight)=100(a - b)/a (1)
whe re a a nd ba re w eightofa s a mple and w eightofadriedsample r espe ctiv ely･
Re s ults
ln Situ M e a s ure m e nts of Spe ctral Reflecta n ce
T he spectralre瓜e cta n ce oftypICalvegetatio ns obse rved in7 hklim aka nde s e rt a re sho w ntogethe r
withspectr al s ola rirradianc ein Fig1. In the visible spe ctru m n o slgnific 皿tdiffe renceinthe
spectralrenectance a mo ngthe s amplesis re cognized･ How e v erthe reis alargediffe re n c ein Tle ar
-
infra red spectrum aJnO ngthe spe cies･ T he spectral refle cta n c eof S als ola c ollin a and Halo sta shys
c aspica, distribLlb;d sparsely in a gobi des ert (sto ny desert); Gates(1965), Allen(1968),
Sinclair(197 1)pointed out that the refle cta n c e ofplantsin n e a r-infr2u
l
edisinnu erlC ed bythele ar
a re a
,
w ate rc o nte nt and c早llstnlCtur e Ofthele a v es. Sin c ethele afa re a of the vegetatio nsirlthe
dry a rea is
J
s mal1c o mpar ed wi[htho s e of n o n-dry a re a, the refle cta n c eof the v egetatio nin
一
指klim akanDes ertwill be s m ale rthanthatin no n-dry area v egetationin ne ar-infr a red spe ctra. In
c as eof TaJnarix ho we ve rleaf derlSityisge n erauylarger than thatortheform ertw o v egetatio n,
thu s spectralrene cta n c e ofTa m arixisla rge rtha nthat of
'
･dle tw o, especialyin ne a r-infrar ed
spectra ･
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Fig. 2 show sthe spe ctralrefle cta n c e ofs arlds atthe surfa c e and4 diffe ren tdepth享n the sand
dune ar ealc cated 30km to the e ast or Kashga r(3 9:32 N/ 76:10 E)･ With incre asingdepth,the
refle cta n cede crease ssho wingtheincrease Of m oistu r ec o ntentto wa rd de epe rlayer. Va riatio n or
renec ta nc e with m oisttlre COnte ntS is descri bed-laterin detail. Fig･ 3 indic ates the spe ctral
r efte ctance ofrich andpo or s alined s oils. T he rene cta n c eof saJined soilsis highertha nthat or
slightlysalin ed soilsin whole spectralreg10 n･ S alined s a nd is ofte n obs e rved inthe riverbeds
and agnc ultu ra1 1and･ In Hota Jl and A ksu a re as, the suffe ring from dam age of salt w e re
freque ntly observ ed･
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Fig･ 2Spectralrene ctan c e oflfo u rdiffer e ntdepthofs a nd dun e ands olarirradian c e
of loc ated 30 kn to the ea st of Kashga r(39:32 N / 76:10E)in situ s u r vey･
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Labo r ato ry m e a s t )r e 仙 e nts of spe ctr al r ene cta n c e of s a mpled s ands
and s oils
T he s amples of s a nds we redried upin a n air ove n at constm t tem per atu reof lOO
o
CIfor 10
ho urs･ After co olingthe min a desicc ato r, the spectr al rene ctance or the sa mple s w as m e a s u r ed
with a spe ctr o-r adio m eter, G E R Ma(k IV in thispe ctralr ange from 4 00to 2500nm u nder
diffe re ntsoil m oishlre C O nte t. As alights ou rce 5 m Wtu ngstenla mp w as u sed. The r efe re n c e
r ene ctaJICe Was a Standard white paint m a nufacLLlred by Kodak. Soil m oistu re c o nteLlt W a s
co ntr olledthroughspraym gdistilled w atero nthe s amplesin a vl nyl pou ch a nd mixed w ell by
shaking. T hu s m e a s u re m e nts w ele m adefirs t under a c o mpletelydry c ondito nthe n unde rthe
condito n ofgradual inc rem ent ofs oilm oisture c o n te ntFig･ 4 sho w sthe spe ctralrene ctan c eof
dry s a nds s ampled inthe penphery or 泡klim aka n Desert･ T he r enectan c eof r ed s and s ampled
in Ka shga ris s maller tha n
-
that of other. s a nds. On the other hand r enecta n c eor s alin ed sa nd
s a mpled in Hota nis c ompa rativ elyhighdueto thefa ct that the saJld s u血 ° is co v er ed wi tha
thin whitshcrustofs alt.
The re s ults orthe m eas u r e ments ofspe ctralreflectan c ein visible and n e aトinfr a redspectr afor the
dry sands s ampled in so uther n and n o rther n edges of Thklim akaJIDesert are glVe nin Table 1.
T he sandr efle ctanc ein Ba chu and Tu rfan is s maller than that of othe rs ample s･ T hese s amples
m ay co nsist ora similar typeof the reddish br ow n s oils which ar efo u ndfrequ e ntlyiFlthe are as
fr o mKashgar as show nin Fig, 4to Ba chu and Tu rfa nin n o rthern part ofThklim akan De se rt.
The a ver age refle ctanc e ofthe s oilin s o uthe m a nd norther n edge of TAklim akan De sertis 21.2
aJld 28･ % in visible and n e a r-infraredspectr a re spectiv elysho wingthat the reflectancein ne ar-
inf 血 d partisfairlylarger tha nthat ln Visible part(fo rdry s oil). Table 2 indic ate s renectan c e
within the spectral bands ofi- ds atM SSand T M,S PCrr H R V fo r v ario usdrys ands sa mpled in
s outher n and n o rthem w estedge orT姐im akaJIDe s ert. T hey w ere calc ulatedfr o mthe spe ctr al
refle ctancelT)e a S u red inthelaborato ry･ Sincethe obse rved spectr alr efle ctanc edata ofthe s oil in
the visible toIRpa rtinThklim akan Dese rtisfe w, these re s ults wi ll be u s eful forinterpretation of
satelliteimagedata of Thklim akan De s e rL
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Laborato ry e xpe rim e nts ofspectral refle ctanc e vs m oistur e c onte nts
Fig･ 5 sho w s m oisttF e CO nte nt V S SPe Ctralr efle ctanc erelationshipfor ayellow soils a mpled n ear
Sa che ofs o uthe m pa rt of Thklim aka nDes e rt. At0.5 % m oistu r e c ontent, a n effe ct of m oistur e
co nte nts on spectralrene ctan c eis s mall･ At1･0 % m oisttlr e c onte nt, how e v e ritis redu c ed by
5
.6% . A bo v e3_0 %ofw ater c o nte nt,the variationbe co mes s m alle rin visible r egio n.
At1452and1941n mH20 absorptio nba nds, ar ate ofde cre ase ofrefle cta nc eisla rgerthan that
in visible spectral Thisis as cri bedto the str o ng abs orption of w ater. Ishiy am aet. al.(Ishiyam a
et･ a ･
, 19 92)repo rtedthat the de c r e a s e sin the r eflectanc e with the w ate r c o nte nts can be
explain ed by the relativedecrease of the re丘activ einde x･ T his explain sthe de c r eas ein the
reflectancein the visiblelight whe n the w ate r c o nte ntbelo wis 3.0 %. On the other ha nd, 血e
large rate ofre凸e cta n c edec r e as ein n e ar- in 丘ar ed reglOnis a scribedto the str ong abs o rpti o n Of
w ateritselfalo ng with the effectofrelativ ede creas eof refra ctiv einde xofs and withw ater.
Fig･ 6.shows spectralreflectance of the soil(r eddishtan c ol rsilt)s ampled ne arBachu of n o rth
w e sternpartof Thklim akan De s ert･ In the visible spectru m, r eflectanc eis s malla:t1 % m oistu re
c ontent. The c olo rofthe s oilcharLgeSfr o m r edtan to da rk r ed in re spo n s etoin c r e as e of s oil
m oisttF e c o nte t uPtO2 % ･ Beyo nd 4% the c olor change be c o m e s n egligibly small. In■n e ar-
ir血 打ed spe ctru m, ho we v er, alarge changein the r ene cta n c eis obs e rv ed in similar w ay as
sho w nin Fig. 6.
Table1 Av er age rene cta n ce(%)ofs oils s a mpledintheperipheryofTaklimaka n
Dese rtin visible
,
n e ar and middleinfr ar ed spe ctr a
Stations
Refle ctan ce(%)
V isible Spe ctru m Ne a r, mi dletnfr a red Spe ctra
(4 0 -70 0n m) (7501 05 0n m) (700-2 5 00n m)
HotaT)(37:10N180:02 E) 2 5.2 33.8
Sa che(38:2 0 N /77:03 E) 2 4.0 35.0
E ashgar(39:1 3 N/76:10E)_
2 4.9 30.2
Kashgar(3 9:1 3 N / 76:1 0 E) 2 2.9 29 3
Eashgar(39:13 N / 76:1 0 E) 23.9 32.1
Bach(39:48N / 7 7:26E) 15.2 20.5 39.7
Ba chu(3 8:30N/76:4 6 E) 2 4.4 36.8 33.7
Bachu(40:27N / 79:15E) 19,4 36.1 39.I
Bachu(40:03N/78:4 1E) 15.4 31.2 4 1.4
Turfan(42:54N 1 89:29E) 1 4.1 21.7
Tu rfan(42:54 N I 89:29 E) 14.5 18.6
Av erage Reflect an ce(%) 2 1.2 29 3 3 8.4.
Average Reflecta nc e
fo r400-2 5 00n rn 30,0
Sta nda rd Deviation(o) 4.1 9 6.2 1 2.8 9
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Table 2 Estim atedspectralr ene cta n e e(%)in the spectral bands of Lands at M SS,TM and
S P O T H R V fo r various dry s oils sa mpled in southe rn a nd n o rthe m e･dge s oI
Taklim aka nDe s ert
Ta rget
甘otan(1)
Spe ctral Ref[e cta n c e(%)ofthe Soils
Lands at M SS Bands LarldsatT M B8 nd且 S P O T HRV Ba nds
4 5 6 7 1 2 3 4 5 7 1 23
2 9.5 33.7 3 2
,
4 35.1 2 7.2 31.4 3 3.7 33.4 45.9 46.7 3 0.5 34.0 3 3.5
Sache(2) 25.5 3 1.5 3l.1 33.7 2 2.1 26.3 31,6 3 2.1 45.2 4 8.2 24,9 3l.8 32.2
Sa che(3) 32,6 37 3 36.9 3 9.1 2 8.9 3 3.4 37.4 37.8 46.2 47.6 3 2. 37.6 37.9
Kashga r(4) 20.0 27.2 28.1 3 2.1 1 6.6 20.8 2 7.5 29.9 2 7.2 43.3 19.4 2 7.5 30,i
Kashgar(5) 2 2.1 30.8 32.4 38,3 1 9. 2 2.6 31.2 34.9 4 7.3 53.2 2 1.4 3l.2 3 5.2
Ba chtl(6) 2 1.1 3 0.4 3 l.5 37.2 1 8.4 22.0 3 0.5 3 3.7 47.2 50.4 2 0.4 30.6 3
.9
Standard
Deviatio n
5.0 3.4 2,8 2.7 4.9 5.3 3 3 2.7 2.8 3.4 5.4 3.4 2.7
Co ncluding Re m ark
T hefo regolng analystsle adsto thefollo wlng co n clu sion. T he a ver age rene ctan c eofthe s oil in
the periphery a re a of n klim akan De se rtis21･2 and 28･8 % in visible a nd n e ar -in 舶 red spe ctra
re spe ctiv ely･ In thelo nge rpart ofn e arin丘ar edspectrt) mthe r efle ctan cein cre as e sto38.4 %. T he
effect of s oilm oistu re c o nte tis largerin 1450 a nd 1950n m w ater abs orptio nbaふds and
de c r e a s e sin a c c o rdan c ewidl inc re a s e_Ofs oilm oistu re c o nte t. Althot1ghthe u s e ofr adia n c e at
La nds atT Mba nds5 and 7age the or etical1yeffe ctiv efo r mmiton ngs oilm oistu r e c o nte nt, 也e
relatio n shipbetw e e n r efl ctanc e and m oistu re conte ntis too w e ak to pr edict a c ct mte w ater
m oistu re c onte nt. In o rde rto oveIT:O m eth is situ atio n
,
the abs olute valu es ofradian c e should be
utilized･ In this c a s e
･
ho w e v er
, the rem o valofatm o spheric effe ctisrequired sin c eits effe ctis
s am e orde r ofm agnitude asthatofw ater c o nte nt.
The spe ctralrene cta n c e of v egetatio n sand s oils of 泡klimakan Des e rt obtain edin th is r es e 打Ch
wi ll be u s efu lfo rinterpr etatio n ofsatelliteim agedata of T 祉1im akanDes ert.
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